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Description 




I0O01 f The invention is concerned with a method for 
Separating circular nucleic acids from a mixture having 
different species of nucleic acids. Furthermore, an 
aqueous buffer for the method is disclosed. 
[0002] Many techniques in molecular biology require 
pure nucleic acids in general and plasmid DNA in partic- 
ular. 

[0003] Plasmids are double stranded circular closed 
DNA molecules which are found in certain organism 
additional to chromosomal DNA. Examples for such 
organism are some yeast and plant cells and all species 
of bacteria. While chromosomal DNA comprises all the 
information necessary for the cells to live, natural occur- 
ring plasmids are an additional genetic element provid- 
ing an advantage to the host cell under certain 
Environmental conditions. 

[0004] Plasmids are a preferred tool in molecular biol- 
ogy due to the fact that they replicate autonomously 
from the chromosomal DNA and that they - in other than 
chromosomal DNA - can be isolated from bacteria cells 
in intact form. They can be hydrolysed at specific recog- 
nition sequences with commercially available restriction 
endonucleases, joined with fragment of foreign DNA, 
amplified with DNA polymerases and transferred into 
suitable cells. 

[0005] The isolation of plasmid DNA is therefore often 
a prerequisite for subsequent molecular biological 
experiments, such as PCR reactions, sequencing reac- 
tions, cloning reactions, restriction hydrolyses, transfor- 
mations and transfections. 

[0006] Several methods for the isolation of plasmid 
DNA from bacterial cells are known. Common to all 
these methods is that they follow the scheme: 

1. Formation of cleared lysate and 

2. purification of plasmid DNA from the cleared 
lysate. 

[0007] The steps for the formation of cleared lysate 
are almost identical between the different methods, 
characteristic differences only occur during the purifica- 
tion of plasmid DNA from the cleared lysate. 
[0008] The formation of cleared lysate comprises the 
steps of: 

cell lysis 

- precipitation of cellular components and subse- 
quent 

- removal of the precipitate from the plasmid contain- 
ing solution to form cleared lysate. 

[0009] Cell lysis is usually realized under alkaline con- 
ditions in the presence Qf sodium dodecylsulfate result- 
ing in bacterial crude lysate. To precipitate cellular 
components like -chromosomal DNA, proteins, cellular 
debris etc., a potassium or sodium acetate buffer is 



added to the crude lysate^^fh adjusts the mixture to 
slightly acidic pH (4.8 to^B Plasmid DNA does not 
precipitate under these conditions, so that it remains in 
the supernatant. In order to form a cleared lysate, the 
5 precipitate is removed from the plasmid containing solu- 
tion either by centrifugation (Sambrook J., Fritsch E.F. 
and Maniatis T, (1989), "Molecular Cloning. A Labora- 
tory Manual", pp. 7.49 to 7.50, Cold Spring Harbor Lab- 
oratory Press, Cold Spring Harbor, NY Maniatis, 
70 Laboratory Manual), filtration (EP 0 616 638 B1) or 
magnetic separation using magnetically attractable 
beads which do not specifically bind the precipitate (US 
Patent 5,681 ,946 and US Patent 5,523,231). 
[0010] The methods for the purification of plasmid 
15 DNA from cleared lysate can be summarized - accord- 
ing to their underlying principle - into different groups. 
[001 1 ] One of these make use of density gradient cen- 
trifugation. This technique separates the components of 
the cleared lysate. like residual genomic DNA, RNA, 
20 proteins etc., according to their size in a caesium chlo- 
ride gradient. The fraction, containing the plasmid DNA, 
is sucked off the centrifugational tube, further purified 
from salts by dialysis and finally concentrated by etha- 
nol precipitation. 
25 [0012] Methods of another group are based on the 
principle liquid-liquid extraction. The cleared lysate is 
several time extracted with phenol or a mixture of phe- 
nol and chloroform or a mixture of phenol, chloroform 
and an alcohol. During these extraction steps proteins, 
30 chromosomal DNA and other residual cellular impurities 
are transferred into the organic phase, while leaving the 
plasmid DNA in the aqueous phase. Traces from phenol 
were extracted several times with chloroform or a mix- 
ture of chloroform and an alcohol. The DNA is finally 
35 purified and concentrated by ethanol precipitation. 
[001 3] Other methods are based on anion exchange 
chromatography. The cleared lysate is applied on anion- 
exchange resin under appropriate salt and pH condi- 
tions. The binding conditions are thus adjusted that 
40 plasmid DNA are bound to the anion-exchange material 
but not impurities lite RNA, Proteins, residual genomic 
DNA. After washing out impurities under salt conditions 
adjusting medium ionic strength, pure plasmid DNA is 
eluted under high ionic strength salt conditions. To 
45 remove the salt and to concentrate the plasmid DNA a 
f inal ethanol precipitation is necessary. 
[0014] Purification of plasmid DNA using silica mate- 
rial is another basic principle. It uses the fact that DNA 
adsorb to silica material in the presence of chaotropic 
so substances. The cleared lysate is mixed with a chao- 
tropic buffer and subsequently applied to silica material, 
either a silica membrane or loose silica particles. After 
removal of the salts by a washing step DNA is eluted 
with a low salt buffer or water. 
55 [0015] All known methods for the isolation of plasmid 
DNA from bacteria comprise the formation of cleared 
lysate. All known methods for clearing the bacterial 
lysate after precipitation of cellular particles, centrifuga- 
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tion. filtration and magnetic s|Aation using magneti- 
cally attractable beads which JV specifically bind the 
precipitate, display considerable disadvantages. The 
lysate clearing by centrifugation is usually the most time 
consuming step in the corresponding plasmid isolation 
protocols. Lysate clearing by filtration, however, 
requires the application of an appropriate filter, which is 
commonly a major cost factor of the corresponding pro- 
tocol. 

[001 6] It is an object of this invention to provide a proc- 
ess for the isolation of circular nucleic acids, in particu- 
lar plasmid DNA directly form sources containing such 
nucleic acids among other. In particular, the nucleic 
acids are isolated from bacterial crude lysate avoiding 
the need to form cleared lysate. 
[001 7] According to the invention a method of separat- 
ing circular nucleic acids from a mixture having different 
species of nucleic acids other than circular nucleic acids 
is disclosed which avoids the drawbacks of prior art 
[001 8] According to the invention, the mixture contain- 
ing circular nucleic acids is treated under essentially 
alkaline conditions with a solid matrix consisting essen- 
tially of a silica material in presence of at least one cha- 
otropic substance. 

[001 9] Preferably, the circular nucleic acid is double 
stranded DNA, particularly a plasmid. 
[0020] In a preferred embodiment of the present 
invention, the method also renders possible the separa- 
tion of circular nucleic acids when the mixture contains 
non circular nucleic acids and at least one other species 
of nucleic acids, such as RNA, single stranded DNA, 
double stranded linear DNA or circular open double 
stranded DNA or even combinations thereof. In many 
cases, a mixture of biological origin contains the above 
mentioned nucleic acids. They are often present in bac- 
terial crude lysate. 

[0021] Preferably, the chaotropic substance to be 
used is a chaotropic salt, such as a thiocyanate salt, 
urea, guanidinium salt, perchlorate salt, halogenid salt. 
Preferred are alkali salt of the respective chaotropic 
anion. Also alcohols, such as methanol, ethanol, n-pro- 
panol, isopropanol n-butanol, n-pentanol or combina- 
tions can be employed as chaotropic substances 
according to the invention. 

[0022] Preferably, the silica material is a silica or 
glass! iber membrane, glass or silica in particulate form 
such as powder, beads or frits. It may be advantageous 
to use a silica material which is magnetic attractable, for 
example magnetic attractable beads with a silicaceous 
surface such as silica or glassf iber surfaces. 
[0023] The alkaline conditions are preferably adjusted 
by adding an aqueous solution of an amphoteric sub- 
stance such as an omega amino acid to the mixture 
containing circular nucleic acids to be separated and/or 
isolated. It is preferred to use an amphoteric substance 
having a weak acid and strong basic moiety such as ©- 
amino acids. It is then possible to adjust the pH in the 
mixture to the preferred pH of from 8 to 12, were pre- 



ferred 9 to 1 1 , in particular about 10. 
[0024] The inventi^fclso related with an aqueous 
buffer comprising 8 t^^l sodium thiocyanate, 5 to 15 
Vol.-% ethanol, as well as 50 to 130 mM ©-amino acid 

5 such as glycine. Also basic amino acids such as lysine, 
arginine and histidine can be used. 
[0025] In the following a preferred embodiment of the 
present invention is described in more detail. 
[0026] The present invention relates to a process for 

10 the separation and/or isolation of plasmid DNA from 
bacterial crude lysate, eliminating the need for prepar- 
ing cleared lysate by precipitating cellular components 
and removing the precipitate by centrifugation or filtra- 
tion. 

w [0027] More in particular, the present invention pro- 
vides methods of plasmid purification from bacterial 
crude lysate comprising the use of novel buffer compo- 
sitions to selectively bind plasmid DNA but not chromo- 
somal DNA or other cellular impurities from the crude 

20 lysate to silica material. The selective binding of plasmid 
DNA to silica material in the presence of linear chromo- 
somal DNA fragments and other cellular impurities is 
achieved by adjusting alkaline binding conditions in the 
presence of high concentrations of chaotropic sub- 

25 stances. 

[0028] The mixture to be separated according to the 
invention can be obtained by a method comprising the 
steps of: 

30 - cell lysis 

- adjustment of appropriate conditions for selective 
binding of plasmid DNA preventing binding of linear 
DNA to silica material. 

- selective adsorption of plasmid DNA to a silica sur- 
35 face 

- washing of the silica material 

- elution of the plasmid DNA from the silica material . 

[0029] Preferably, the method of the invention is 
40 employed for purification of plasmid DNA from bacterial 
crude lysate without precipitation of cellular compo- 
nents and lysate clearing. The term plasmid, as used in 
the present specifications, means circular closed DNA 
molecules, either single or double stranded, which are 
45 autosomal replicable in a bacterial cell; no matter 
whether it is a naturally occurring plasmid or a geneti- 
cally engineered. 

[0030] The invention comprises the steps of: 

so 1 . lysis of bacterial cells 

2. adjusting binding conditions for selective binding 
of plasmid DNA in the presence of linear DNA and 
all other cellular components 

3. binding of plasmid DNA to silica material 
55 4. washing of the silica material 

5. elution of plasmid DNA. 

[0031] Bacterial ceil lysis is performed according to 
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the traditional alkaline lysis. The bAl cells are har- 
vested and resuspended in low ssWuffer, containing 
100 mfo Tris.CI, pH 8.0 and 300 ng/ml RNase A. Other 
species of RNase, like RNase T2, may be used but 
RNase A is most suitable for commercial application 
since it is available for a low price. Bacterial cells are 
lysed after addition of an alkaline buffer containing a 
. strong detergent The most efficient detergent in the 
respect is sodium dodecylsulfate, but other detergents 
like Tween 20, cholic acid, deoxycholic acid and CHAPS 
are - to a lower amount of magnitude - suitable to lyse 
bacterial cells under strongly alkaline conditions. Most 
efficient cell lysis for the purpose of plasmid isolation is 
effected in a mixture with final concentration of about 
100 mM sodium hydroxide and about 0.5% of sodium 
dodecylsulfate. 

[0032] The immobilization of plasmid DNA in the proc- 
ess according to the invention is performed by selec- 
tively and specifically binding the plasmid DNA to silica 
material in the presence of at least one chaotropic sub- 
stance. The term specifically binding of DNA to silica 
material, as used in the present specifications, means 
that the DNA is adsorbed to the silica material and not 
only unspecif ically attached. The term silica material, as 
used in the present specifications, means crystals of sil- 
icon dioxide and/or other forms of silicon oxides, such 
as glass powder, zeolite, no matter whether the basic 
solid is a membrane, resin, loose particles or magnetic 
beads. The term chaotropic substance, as used in the 
present specifications, means every substance which is 
able to alter the secondary and/or tertiary and/or qua- 
ternary structure of a polymer without affecting the pri- 
mary structure. Examples for chaotropic substances are 
isothiocyanate salts, sodium iodide, sodium perchlo- 
rate, guanidinium salts, urea and short chain alcohols. 
Chaotropic substances are known to alter the second- 
ary structure of polymers in general and or nucleic acids 
in particular. This alteration can be measured in the 
decrease of the melting point of double stranded DNA. 
All kinds of nucleic acids, single stranded DNA, double 
stranded circular closed DNA, double stranded linear 
DNA and RNA can be immobilized on silica material 
under appropriated chaotropic conditions. The optimal 
chaotropic conditions, e.g. kind and concentration of the 
chaotropic substance, for the immobilization of nucleic 
acids to silica material vary among the different species 
of nucleic acids. Typical binding conditions of plasmid 
DNA are 2 to 4 M solutions of guanidinium hydrochlo- 
ride or guanidinium thiocyanate, displaying a pH of 4 to 
7. The particular optimum depends mainly on the vis- 
cosity of the mixture, the content of proteins and other 
substances. In general, however, under the conditions, 
when circular double stranded DNA is bound, linear 
double stranded DNA with a similar size is also bound. 
[0033] Intriguingly, the chaotropic properties show 
some influence on the pH value which is adjusting when 
dissolving the chaotropic sitostance in water. When 
chaotropic substances are employed which have a cha- 



otropic potency a pH shiftj^ occur. When the buffer 
conditions are selected fo^psolation or separation of 
the nucleic acids according to the invention, it is advisa- 
ble to check the pH adjustment when dissolving the 
5 chaotropic substance which will be employed during the 
operation. 

[0034] Known methods for plasmid purification make 
use of immobilization of the plasmid DNA to silica mate- 
rial in the presence of chaotropic salts, the immobiliza- 

10 tion steps were performed from bacterial cleared lysate. 
The term bacterial cleared lysate, as used in the 
present specifications means bacterial cell lysate, 
whereof cellular components are removed by precipita- 
tion and subsequent removal of the precipitate by cen- 

15 trifugation or filtration. 

[0035] In the process for plasmid isolation according 
to a preferred embodiment of the invention plasmid 
binding to the silica material was performed starting 
from the crude lysata The term bacteria crude lysate 

20 means lysed bacterial cells of which essentially no com- 
ponents were removed by a separation step in general 
respectively a precipitation step in particular. The immo- 
bilization of plasmid DNA from crude lysate prefers that 
the plasmid DNA is separated from the chromosomal 

25 DNA. Under commonly adjusted chaotropic conditions 
for the binding of plasmid DNA to silica surface, present 
linear DNA fragments - such as sheared fragments of 
chromosomal DNA - are bound to the silica material 
additional to the plasmid DNA. Therefore, these meth- 

30 ods require precipitation of genomic DNA and subse- 
quent removal either by centrifugation or filtration to 
acquire a clean plasmid purification. 
[0036] The process according to the invention renders 
possible to avoid the steps of precipitating cellular com- 

35 ponents, and removal of the precipitate by adjusting the 
chaotropic conditions in the binding mixture in a way, 
that substantially only plasmid DNA but not chromo- 
somal DNA present in the mixture binds to the silica sur- 
face. This is achieved with high molar chaotropic 

40 mixtures comprising alkaline pH as binding buffer. The 
term of alkaline pH, as used in the present specifica- 
tions, means a pH higher than 7. It is known that within 
a certain range of pH (pH 12.0 to 12.5) plasmid DNA 
remains undenatured whereas chromosomal DNA is 

45 denatured (Birnboim H.C. & Doly J.. (1979), "A rapid 
alkaline extraction procedure for screening recombinant 
plasmid DNA", Nucleic Acids Res 7(6), 1513 to 1523). If 
the pH is smaller than the lower boundary of this range, 
both plasmid DNA and linear chromosomal DNA frag- 

50 ments are undenaturated, if the pH is larger than the 
upper boundary of this pH rang both kinds of DNA are 
denaturated. The process according to this invention 
takes advantage of the fact that this range of pH is 
shifted to lower pH values and broadened from 0.5 pH 
55 units up to more than 3 pH units in the presence of high 
molar chaotropic substances. The magnitude of this pH 
range and the absolute pH value depends on the spe- 
cies of chaotropic salt used and its concentration; in ten- 
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dency, the higher the concenj^^i of chaotropic salt 
and the stronger the chaotrflRalt, the lower and 
broadener is the pH range which allows denaturation of 
plasmid but not of linear DNA. Chaotropic substances in 
this respect are the chaotropic substances mentioned 
above. 

[0037] Furthermore, the invention makes advantage 
of the effect that under the conditions - presence of high 
molar chaotropic substances at alkaline pH - circular 
closed double stranded DNA (e.g. plasmid) but not lin- 
ear DNA fragments (e.g. sheared chromosomal DNA) 
specifically binds to silica material. The precise pH may 
be adjusted with all kinds of pH buffers effective in this 
range of pH. Examples are phosphate buffers, glycine 
buffers and boric acid/sodium hydroxide buffer. Due to 
their high buffer capacity in particular glycine buffers 
seem to be suitable for this purpose. 
[0038] Another aspect of the process according to the 
invention is that it affects solubilization of all the cellular 
components present after alkaline bacterial cell lysis. 
This is partially affected by the presence of high con- 
centrations of chaotropic substances which unfold most 
of the present polymers, such as polysaccharides, pro- 
teins, peptides etc. It is further affected by the presence 
of strong detergents. The most effective surfactant in 
this respect is sodium dodecylsulfate, which also plays 
an important part during the bacterial cell lysis. Due to 
the heterogenous character of the cellular components 
which have to be solubilized, addition of a second deter- 
gent is advisable. Suitable for these purposes are mem- 
bers of all classes of detergents except cationic 
surfactants. Thus, for example anionic surfactant like 
cholic acid and deoxycholic acid, non-ionic surfactants 
like Tween 20, zwitterionic surfactants like CHAPS func- 
tion well. 

[0039] Summarized, the binding buffer according to 
the invention allows selective binding of plasmid DNA to 
silica material in the presence of all cellular components 
including linear DNA fragments: 

1 . by avoiding precipitation of cellular components 

2. by denaturating proteins and chromosomal DNA 
but not plasmid DNA 

3. by adjusting chaotropic conditions which allow 
binding of plasmid DNA but not of linear DNA frag- 
ments in general and of sheared chromosomal 
DNA in particular to silica material as well as 

4. by solubilizing the cellular components of a 
homogenous mixture. 

[0040] Immobilization of nucleic acid such as DNA is 
performed by adsorption of the nucleic acid to silica 
material in the presence of high salt; which is well 
known in the field of molecular biology for nearly 20 
years (Vbgelstein B. & Gillespie D., (1979), "Preparative 
and analytical purification of DNA from agarose". Proc. 
Natl. Acad. Sci. 76(2): 615 to 619). 
[0041] Several kinds of silica material have been 



tested according to th^resent invention: magnetic sil- 
ica particles, loose particles and silica mem- 
branes. 

[0042] Washing of the silica material after the binding 
s step is preferred. On the one hand, impurities arising 
from the biological sample, which are present at the sil- 
ica material after the binding step, and on the other 
hand the chaotropic substances applied in the binding, 
which are partially attached to the silica material. Both 
10 should be removed from the silica material. 

[0043] The removal of these impurities is not only rec- 
ommendable in the process according to the present 
invention but in ail known processes preferably for DNA 
purification using silica material. 
is [0044] Impurities arising from the biological sample 
after the binding step on the silica surface are mainly 
due to two reasons. 

[0045] Substantially all silica materials provide a cer- 
tain death volume, depending on the kind of silica mate- 

20 rial and the amount of silica material applied for e.g. 
DNA purification. Preferably, the death volume should 
not exceed about 50 The death volume of silica 
material provided in commercially available kits for puri- 
fication of up to 20 jig plasmid DNA from a £ 5 ml bac- 

25 terial overnight culture lies in the range of 2 to 5 pi. 
Death volume in this context means the difference of the 
wet to the dry volume of the silica material. The death 
volume after each purification step consists of the buffer 
applied in this step. Thus, after the binding step, the 

30 death volume of the silica material consists of the bind- 
ing mixture, containing all cellular components. 
[0046] In the process according to the invention these 
impurities are substantially removed by the application 
of a washing buffer, containing high amount of a chao- 

35 tropic substance at alkaline pH. The chaotropic sub- 
stance solubilizes the impurities and removes them 
from the silica membrane. The alkaline pH is necessary 
to prevent binding of the denatured chromosomal DNA 
to the silica material. The adjustment of the appropriate 

40 pH is accomplished with the pH-buffers mentioned for 
the binding buffer. 

[0047] Basically, the washing buffer according to the 
process of this invention works in an analogous way as 
the binding buffer. Since e.g. DNA, specifically bound to 

45 silica material, display slightly different characteristics 
according to chaotropic buffers, the washing buffer must 
display a slightly different composition as the binding 
mixture. Preferably, the washing buffer comprises in 
particular short chain aliphatic alcohols such as isopro- 

so panol or ethanol in the range of 5 to 40 vol-%, preferably 
of 20 to 40 vol-% final concentration. Otherwise it may 
happen that the eluate does not contain DNA, in partic- 
ular plasmid DNA. Since short chain alcohols are itself 
chaotropic, it is tolerable that the concentration of chao- 

55 tropic salts is slightly lower in the appropriate washing 
buffer than in the corresponding binding buffer. Typical 
concentration - depending of the kind of chaotropic salt 
used - are within the range of 4 to 9, preferably of 4 to 6 
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molar. 

[0048] After washing out the impBHffes from the bio- 
logicaf sample, the chaotropic salts have to be removed 

from the silica material. This is done with one or more 
washing steps with an alcohol or water solution. Typi- 
cally ethanol (preferably about 80%) is used, but other 

.short chain aloohols work as well. 
[0049] Elution of plasmid DNA is performed either with 
pure water or with low salt buffers. 
[0050] The process of the invention can easily be per- 
formed by the customer when the materials used in the 
process are provided in form of a kit. Therefore, also a 
kit is subject of the present invention which comprises 
an aqueous buffer comprising 8 to 9 M sodium thiocy- 
anate. 5 to 1 5 vol.-% ethanol, 50 to 1 30 mM omega ami- 
noacid such as glycine. The kit according to the 
invention may further contain auxiliary materials such 
as columns with or without silicaceous material, silica- 
ceous material in suspension form, further buffers and 
instruction manuals. Further buffers are preferably 
those which are used in the process of the invention as, 
for example, resuspension buffer, lysis buffer, washing 
buffer, elution buffers and the like. Also spin columns 
may be incorporated in the respective kit. The configu- 
ration of such kit is in particular corresponding to the 
protocol to be followed by the customer. Typical proto- 
cols are further explained in the following examples. 

Examples 

Buffer compositions 



[0051] 

Resuspension Buffer (P1): 

Lysis Buffer (P2): 
Binding Buffer (PB): 

Washing Buffer (PW1): 
Washing Buffer (PW2): 
Elution Buffer (PE): 
Silica materia ls 



10mMTris.CI, pH 8.0; 300 
jig/ml RNase A 
200 mM NaOH, 1%SDS 
8.8 M NaSCN, 10% EtOH, 
5% (v/v); 60 mM glycine, 
pH 9.6 

5.5 M NaSCN, 30% EtOH, 
100 mM Glycine pH9.6 
80% EtOH, 10 mM Tris.Q, 
pH7.5 

10mMTris.CI, pH 8.5 
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[0052] Spin columns containing silica-gel membranes 
supplied by Qiagen GmbH, Hilden, Germany 
[0053] Silica resin suspension: commercially available 
QIAEX II gel extraction kit supplied by Qiagen GmbH, 
Hilden, Germany 

[0054] Magnetic silica beads, AGOWA®mag, 
AGOWA, Germany. 



Protocol A 

[0055] This protocol is suitable for isolation of up to 1 0 
jig of plasmid DNA from bacterial overnight cultures of 
up to 1 .5 ml. The procedure uses spin columns contain- 
ing silica-gel membranes, and all steps are performed 
at maximum speed (s> 10,000 x g or 13,000 rpm) in a 
conventional table-top microcentrifuge unless otherwise 
stated. 

1. Harvest an appropriate volume of bacterial over- 
night culture in a microcentrifuge at 5.000 x g. 

2. Resuspend pelleted bacteria! cells in 100 jil of 
Buffer P1. 

3. Add 100 \i\ of Buffer P2, mix the sample by vor- 
texing, and incubate at room temperature for 5 min. 

4. Add 500 pi of Buffer PB and mix thoroughly by 
vortexing vigorously. 

5. Place a spin column in a microcentrifuge tube, 
and apply the sample to the spin column. 

6. Centrifuge for 1 min and discard the flow- 
through. 

7. To wash, add 500 jil of Buffer PW1 to the spin 
column, centrifuge for 1 min and discard the flow- 
through. 

8. To wash, add 750 jil of Buffer PW2 to the spin 
column, centrifuge for 1 min and discard the flow- 
through. 

9. Centrifuge for an additional 1 min to remove 
residual washing buffer. 

10. Transfer the spin column into a clean microreac- 
tion tube, to elute DNA, add 50 jil of Buffer PE to the 
center of each spin column, let stand for 1 min, and 
centrifuge for 1 min. 



45 Protocol B 



[0056] This protocol is suitable for isolation of up to 1 0 
jig plasmid DNA from bacterial overnight cultures of up 
to 1.5 ml. The procedure uses QIAEX II silica particles, 
and all steps are performed in microcentrifuge tubes. 
Centrifugation steps are carried out at maximum speed 
£ 10,000 xg or 13,000 rpm) in a conventional table-top 
microcentrifuge unless otherwise stated. 
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55 1 . Harvest an appropriate volume of bacterial over- 
night culture in a microcentrifuge at 5.000 x g. 



2. Resuspend pelleted bacterial cells in 100 p4 of 
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Buffer P1. 

^ 3. Add 100 \l\ of Buffer P2, mix the sample by vor- 
texing and incubate at RT for 5 min. 

4. Add 500 n! of Buffer PB. 

5. Resuspended QIAEX II by vortexing for 30 sec. 
Add 25 nl of QIAEX II to the sample and mix thor- 
oughly by vortexing vigorously. 

6. Incubate at room temperature for 5 min, then 
centrifuge for 30 sec at > 1 0.OOOxg and remove dis- 
card the supernatant with a pipet. 

7. Wash the pellet by 750 pJ of Buffer PW1, resus- 
pending the pellet by vortexing, and centrifuging for 
30 sec. Remove all traces of supernatant. 



8. Wash the pellet twice by 750 \i\ of Buffer PW2, 20 
resuspending the sample for 30 sec. Remove all 
traces of supernatant. 



suspension to ead^ell of the round-well block. 
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9. Air-dry the pellet at room temperature for 20 min. 

10. To elute, add 60 \l\ of Buffer PE and resuspend 
the pellet by vortexing, Incubate at room tempera- 
ture for 5 min. 

1 1 . Centrifuge for 30 sec. Carefully pipet the super- 
natant into a clean tube. 

12. Optional: repeat steps 10 and 11 and combine 
the eluates. 

Protocol C 

[0057] This protocol is suitable for parallel isolation of 
up to 10 Hg plasmid DNA from 96 bacterial overnight 
cultures. The procedure uses magnetic silica particles, 
and all steps are performed in 96-well microtiter plate 
format For steps requiring repeated pipetting, a reser- 
voir or multichannel pipet can greatly facilitate liquid 
handling. 

1. Harvest appropriate volumes of bacterial over- 
night culture at 5.000 x g. 

2. Resuspend the pelleted bacterial cells in 100 jil 
of Buffer P1 and transfer the samples to the well of 
a 96-well round-well block 

3. Add 100 of Buffer P2 to each well. Mix thor- 
oughly by vortexing the block and incubate at room 
temperature for 5 min. 

4. Mix 50 ml of Buffer PB and 2 ml of magnetic silica 
suspension in a plastic beaker. Add 520 (il of this 
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5. Seal the block with adhesive tape and mix thor- 
oughly by shaking the block vigorously. Incubate on 
a shaker at room temperature for 5 min. 

6. Place the block into a magnetic separator, 
remove the tape, and let stand for 1 min. Discard 
the supernatants. 

7. Remove the block from the magnetic separator. 
Add 750 til of Buffer PW 1 to each well. Seal the 
block with adhesive tape and mix thoroughly by 
shaking the block vigorously. 

8. Place the block back into the magnetic separator, 
remove the tape, and let stand for 1 min. Discard 
the supernatants. 

9. Remove the block from the magnetic separator. 
Add 750 til of Buffer PW2 to each well. Seal the 
block with adhesive tape and mix thoroughly by 
shaking the block vigorously. 

10. Place the block back into the magnetic separa- 
tor, remove the tape, and let stand for 1 min. Dis- 
card the supernatants. 

11. Repeat steps 9. 10, but discard only 600 pJ of 
each supernatant. 

12. Remove the block from the magnetic separator, 
and resuspend the magnetic particles in the resid- 
ual supernatant by vortexing. Transfer the sample 
to the wells of a 96-well microtiter plate. . 

13. Air-dry the microtiter plate at room temperature 
for 20 min. 

14. To elute DNA, add 60 jil of Buffer PE to each 
well, resuspend the pellets, and incubate the micro- 
plate on a shaker for 5 min. 

15. Place the microplate into the magnetic separa- 
tor and let stand for 1 min. Transfer the superna- 
tants into a clean 96-well microtiter plate. 

16. Optional: repeat steps 14 and 15 and combine 
the eluates. 

Example 1 

Specific binding of circular plasmid DNA to silica mate- 
rial in the presence of linear DNA 

[0058] This example demonstrates the property of the 
binding buffer according to this invention to selectively 
bind double stranded circular closed DNA to silica mate- 
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rial in the presence of double strar^Mnear DNA. 
[0059] 500 ng of p(/C19 plasmSroNA were spiked 
with total 1 >ig of double stranded linear DNA fragments 
* within a size range of 1 50 bp to 20 Mb, which were pro- 
duced by an enzymatic hydrolysis of lambda phage 
DNA with the restriction endonucleases Hind III and 
Eco Rl. This DNA mixture was purified according to pro- 
tocol A and protocol C with slight modifications. They 
were performed using the buffers described above, with 
the modification of adding the DNA mixture to 100 [i\ of 
buffer P1 and omit the application of bacterial cells. 
Additionally, the purification according to each of the 
two protocols was performed with two modified binding 
buffers, one consisting of 4 M potassium thiocyanate. 
30% isopropanol and 10 mN Tris.CI adjusted to a pH of 
7.0 (Buffer C2) and another consisting of 8.8 M sodium 
Thiocyanate, 10% EtOH, 10 mM Tris.CI adjusted to a 
pHof7.0 (Buffer C3). 

[0060] The eluates contain pure plasmid DNA without 
traces of linear DNA if alkaline binding buffer is used. If 
modified binding buffer with neutral pH instead of alka- 
line pH is used, a mixture consisting of linear DNA frag- 
ments and plasmid DNA were obtained. 
[0061] This experiment clearly shows that only the 
combination of a chaotropic salt and an alkaline pH in 
the binding mixture allows selective binding of the circu- 
lar plasmid but not of linear DNA. 

Example 2 

Determination ofpH range allowing selective binding of 
plasmid DNA 

[0062] This example determines the pH range where 
selective binding of plasmid DNA from a mixture of plas- 
mid DNA and sheared genomic DNA fragments is pos- 
sible. Genomic DNA was prepared from Escherichia 
coli using the silica membranes like membranes as in 
QIAamp Tissue Kit (QIAGEN) (Molecular cloning (1)). 2 
jig of genomic DNA were mixed with 2 jig of p(/C19 
plasmid DNA and purified according to protocol C (with 
the modification of adding the DNA mixture to 100 |il of 
buffer P1 and omit the application of bacterial cells) with 
a modified binding buffer. The binding buffer consist of 4 
M potassium thiocyanate, 2 M sodium chloride, 1 M gly- 
cine and 30% ethanol adjusted so that the pH in the 
binding mixture is between 1 1.1 and 12.4. 
[0063] At a pH value of 1 1 .1 small traces of genomic 
DNA were copurified indicating that the separation 
between plasmid and genomic DNA is incomplete at 
this pH. Within a range of pH from 1 1 .25 to 1 2.0 plasmid 
DNA is selectively purified free from impurities of 
genomic DNA. For a pH above 12.0 neither plasmid nor 
genomic DNA could be obtained. 
[0064] The same experiment was performed with a 
more chaotropic binding buffer, consisting of 8.8 M 
sodium thiocyanate. In this case, complete separation 
of plasmid and genomic DNA could be achieved within 



a pH range of 9.2 to 11.1 




Example 3 

5 Specific removal of linear DNA from a mixture of linear 
DNA and plasmid DNA bound to silica material 

[0065] This example demonstrates that linear DNA, 
once bound to silica material, can be selectively washed 
w away with a chaotropic buffer at alkaline pH. Two mix- 
tures consisting of 1 fig plasmid DNA and in total of 2 jxg 
of double stranded linear DNA fragments within a size 
range of 150 bp to 20 kb, which were produced as 
described in example 1. were bound with a modified 
is binding buffer - consisting of 4 M potassium isothiocy- 
anate and 30% ethanol - to the silica membrane of two 
QIAamp spin columns (QIAGEN) according to protocol 
A (steps 1 to 5. with the modification of adding the DNA 
mixture to 1 00 jil of buffer P1 and omit the application of 
20 bacterial cells). The modified binding buffer was known 
(see exanple 2) to bind both, plasmid and genomic 
DNA to silica membranes. 

[0066] The residual steps of protocol A (steps 6 to 9) 
were performed by using the washing buffer W1 for one 

25 spin column and by using a modified washing buffer 
PWC (containing 5 M guanidine hydrochloride, 30% iso- 
propanol and 10 mM Triad adjusted to a pH of 7.0). 
[0067] When the chaotropic washing buffer adjusted 
to an alkaline pH (washing buffer W1) was used, plas- 

30 mid pure DNA rid from linear DNA could be obtained. 
However, when using a comparable chaotropic washing 
buffer which was adjusted to neutral pH (buffer PWC). a 
mixture of plasmid and linear DNA was purified. 
[0068] This experiment shows that a chaotropic buffer 

35 comprising alkaline pH is able to selectively remove lin- 
ear DNA from a mixture of circular closed and linear 
DNA by not affecting the binding of circular closed DNA. 

Example 4 

40 

Isolation of plasmid DNA from Escherichia coil using sil- 
ica membranes 

[0069] This example describes the standard plasmid 
45 isolation procedure according to this invention using a 
silica membrane. 

[0070] 1 .5 ml overnight cultures of several Escherichia 
coli strains containing plasmkJs were purified according 
to protocol A. Between 2 and 5 jig of pure plasmid DNA 
so were obtained from each sample. 

Example 5 

Isolation of plasmid DNA from Escherichia coli using 
55 loose silica resin 

[0071 ] This example describes the standard plasmid 
isolation procedures according to this invention using 
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loose silica particles. 

[0072] 1 .5 mi overnight cuitur^Wseveral Escherichia 
coil strains containing plasmids were purified according 
- to protocol B. QIAEX I! particles were used as silica par- 
ticles. Between 2 and 5 p,g of pure plasmid DNA were 
obtained from each sample. 

Example 6 

Isolation of plasmid DNA from Escherichia coli using 
magnetic silica particles 

[0073] 1 .5 mi overnight cultures of several Escherichia 
coii strains containing plasmids were purified according 
to protocol C. Magnetic beads from Ql AGEN were used 
in this experiment. Between 2 and 5 jig of pure plasmid 
DNA were obtained from each sample. 

Claims 

1. A method for separating and/or isolating circular 
nucleic acids from a mixture having different spe- 
cies of nucleic acids other than circular nucleic 
acids wherein the mixture is treated under essen- 
tially alkaline conditions with a solid matrix consist- 
ing essentially of a silica material in presence of at 
least one chaotropic substance. 



with a silicaceou^^rface such as silica or glass- 
fiber surface. 

8. The method of any one of the claims 1 to 7, wherein 
5 the alkaline conditions are adjusted by adding an 
aqueous solution of an amphoteric substance such 
as an omega aminoacid to adjust in particular a pH 
of 8 to 12 in the resulting mixture. 

10 9, An aqueous buffer comprising 8 to 9 M sodium thi- 
ocyanate, 5 to 15 Vol.-% ethanol, 50 to 130 mM ©- 
amino acid such as glycine. 

10. A kit comprising the aqueous buffer of claim 9 and 
15 auxiliary materials such as columns with or without 
silicaceous material, suspensions of silicaceous 
material, additional buffers such as resuspension 
buffers, lysis buffers, washing buffers, elution buff- 
ers, instruction manual. 

20 
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2. The method of claim 1 , wherein the circular nucleic 
acid is double stranded DNA, in particular a plas- 30 
mid. 

3. The method of claim 1 and/or 2, wherein the mix- 
ture contains non circular nucleic acids and at least 
one other species of nucleic acids, such as RNA, 35 
single stranded DNA, double stranded linear DNA 

or circular open double stranded DNA or combina- 
tions thereof. 

4. The method of any one of the claims 1 to 3, wherein 40 
the mixture is of biological origin, such as bacterial 
crude lysate. 

5. The method of any one of the claims 1 to 4. wherein 
the chaotropic substance is a chaotropic salt, such 45 
as a thiocyanate. urea, guanicfinium salt, perchlo- 
rate salt halogenid salt and/or the chaotropic sub- 
stance is an alcohol, such as methanol, ethanol.n- 
propanol, isopropanol n-butand, n-pentanol or 
combinations of said chaotropic substances. so 

6. The method of any one of the claims 1 to 5, wherein 
the silica material is a silica or glassfiber mem- 
brane, glass or silica in particulate form such as 
powder, beads or frits. ss 

7. The method of any one of the claims 1 to 6, wherein 
the silica material is magnetic attractable beads 
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